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Introduction
Wakatobi is the name of an island and a regency located in the province of South East Sulaw esi. Wakatobi is an acronym for of the main islands that make up the archipelago: Wangi-wangi, Kaledupa, Tomia, and Binongko. Wakatobi is the capital of Wanci, located in Wangi-wangi island. These islands are located in the center of coral reef biodiversity, known as the Coral Triangle Initiative (CTI) (Reef Check, 2007) .
Wakatobi Regency is located between the Banda sea to the north-east and the Flores sea to the south-west. It comprisesa land area of 823 km2 and marine waters covering an area of 18377.31 km2 (BPS, 2010) .
Wakatobi is also the name of the Wakatobi Marine National Park with an area of 1,390,000 ha, designated as a national park by Ministerial Decree No. 393/Kpts-VI/ 1996, concerning marine biodiversity, scale and condition of Availble online at http://Journals.ums.ac.id/index.php/fg/article/view/1113 Forum Geografi , Vol 29 (2) December 2015: [143] [144] [145] [146] [147] [148] [149] [150] [151] Spatial Pattern of... (Yulius et al.) 144 coral; which occupies one of the highest priority position of marine conservation in Indonesia (Ayiful, 2004) .
Wakatobi does have its own charm. These islands are also known as the blacksmith Islands which have 25 coral reefs with variuos species. Coral reefs are habitat for many species of fi sh and other marine species such as molluscs, marine worms, sea plants. Sharks, dolphins, and whales are part of this place. They all create a natural beauty of a marine park which are considered the best in the world and this park is a diving and snorkelingparadise for national and international divers (Rangka and Paena , 2012) .
Wakatobi is located in the west of Indonesian archipelagic sea lanes (ALKI/Indonesian ASL) III (Figure 1 Bathymetry Map has been used for several purposes, among others; for the boundary delimitations, marine scientifi c research, development of the region for aquaculture, marine tourism, shipping safety, exploration of marine resources and seabed, coastal engineering, marine modeling, determining the shipping lanes and ports, etc. (Yulius et al., 2011) . Bathymetric map processing usually given multiple sets of data and using spatial interpolation to generate a bathymetry surface (Sterling, 2003) . One of common way to do spatial interpolation is krigging method. In terms of cartographical, the used of kriging method is effective to illustrate the real world pattern of depth contours (Siregar and Selamat, 2009 ).
This study aims to determine the water depth maps (bathymetry) with a scale of 1: 200,000 with its range in hectares from the GEBCO and Nautical chart data using Geographic Information System (GIS). The results expected later will be able to support the exploration of Wangi-wangi island and surrounding areas for marine tourism, shipping safety, determining shipping lanes and ports, fi shing and/or aquaculture or other uses.
Method

Study Location
This study is conducted in Wangi-wangi island and surrounding areas, Wakatobi district, southeast section of Southeast Sulawesi Province, Geographically positions are 5 ° 12 '-6 ° 10' south latitude and 123 ° 20 '-124 ° 39' east longitude ( Figure 2 ). Figure 3 .
The tools used to process data consists of geographic information systems desktop software in the form of ARCGIS 9.3 that comes with extension image analysis to perform visual interpretation, digitization process of coastline and water depth line on nautical map and Global Mapper 8.0 to process and display GEBCO Data.
Research Flowchart
The series of workmanship in making the spatial pattern of water depth in Wangiwangi island and surrounding areas, Wakatobi (Yulius et al.) 147
Kriging method has several advantages. Larreche, (2006) in Siregar and Selamat, (2009) states that as interpolator, kriging method combines the spatial correlations among the data, which it was not done by the classical statistical procedures.Compared to other techniques, Kriging method has more advantage that is its ability to identify the variation of the estimated values so that the level of precision can be revealed. Siregar and Selamat (2009) adds that kriging method can still be used even though no correlation is found among the spatial data. In independent observation, kriging estimation process will be similar to the estimation using small squares regression analysis.
Discussion
Refer to the data of GEBCO and nautical chart which have been digitized, processed and inserted in interpolation processing, in rough interpolation several visual models, either in two or three dimensions, have been created. In the display of two-dimensional interpolation, depth contours on recorded longitudes and latitudes are found, as viewed in fi gure 4. Meanwhile, three-dimensional interpolation in perspective display with depth color gradient of blue is fi gured out in Figure 5 .
The image of the research location basic profi le in the form of visualization of threedimensional interpolation of the data of GEBCO and nautical chart can be seen in fi gure 5. If seen from the mentioned image of threedimensional basic profi le, it is said that the waters of the research locations are harmful enough for shipping route, either for cargo or passenger ships. This is because there exist barrier reefs connecting the islands. Furthermore, in the waters of Wakatobi, the ebb and fl ow tide currents are relatively strong between the islands. The directions of the ebb and the fl ow tide currents are north-west and south-east respectively (Dishidros, 2003) .
The waters have width of 13,714.31 hectare and depth of 200 meters. The condition of ocean fl oor topography on the areas of waters near the shore changes gradually from deep to steep. Moreover, the depth of the ocean fl oor to outer island topography becomes steep with sloping topography condition.
Based on the results of spatial analysis, it is concluded that the depth of the waters is classifi ed into fi ve groups: (1) group of 0-2 meters with area of 1,797.61 hectares, (2) group of 2-5 meters with area of 2,059.06 hectares, (3) group of 5-10 meters with area of 1,184.02 hectares, (4) group of 10-25 meters with area of 3,025.00 hectares, (5) group of 25-200 meters with area of 5,648.62 hectares, as exhibited in Table 2 . The spatial distribution map of water depth (bathometer) is shown by Figure 6 . As shown by the aforementioned fi gure, it is clear that the basic profi le of the sea is included as deep water. The water depth measured from the seashore to outer island ranges from 2 to 200 meters. The deepest part is located in the east of Kampenaune Island with maximum depth of 183 meters. Islands are connected by reefs with gradually-increasing basic profi le ranging from 14 to 3 meters deep. The shore area around the reefs is included as slope area with the width starting from 2 meters to 100
Table2. The area of bathymetry
Forum Geografi , Vol 29 (2) December 2015: 143-151 Spatial Pattern of... (Yulius et al.) 149 meters steep. Its distance is approximately 75 meters, close enough from the coastline.
The water depth profi le represents the condition of shallow water shore, going deeper to off shore or slope. The condition generally happens in the research locations except in the east of Wangi-wangi whose barrier reefs appear and they hence create basin between the seashore and reefs as displayed in fi gure 6.
Figure 6. Bathymetry Map of Wangi-wangi Island
The research locations consist of WangiWangi, Kambode (Kapota), Kampenaune islands and some smaller islands between, connected by reefs (Figure 7 ). In front of the northern and eastern shore of Wangi-wangi, there are narrow barrier reefs, parallel to the coast line in the distance of 200-500 meters and therefore slot with depth of 25-50 meters is formed. The reefs are parallel to the northern shore with varying depths between 1.5 and 11 meters (Dishidros, 2003) . In the east of Wangi-wangi Island, there exist barrier reefs which are harmful enough for shipping route (Figure 8 ). The appearing reefs lay close to the depth line of 25-200 meters. On the lowest ebb, people can pass through the reefs to head to Tiga Island on foot. (Yulius et al.) 151
Conclusion
In the north and east of Wangi-wangi islandare narrow barrier reefs, which are parallel with the shoreline within 200-500 meters, forming a groove with a depth of 25-50 meters. The barrier reefs at the northern coast havetheir depths varies between 1.5 and 11 meters.
Based on the results of spatial analysis, it is revealed that the depth of the waters in the research area can be divided into fi ve classes, namely: (1) 0-2 meter with an area of 1,797.61 hectares, (2) 2-5 meters with an area of 2,059.06 hectare, (3) 5-10 meters with an area of 1,184.02 hectares, (4) 10-25 meters with an area of 3,025.00 hectares, (5) 25-200 meters with an area of 5,648.62 hectares. Depth profi les show that the beach is getting shallower and deeper towards theoffshore. This generally is happened in the research location except in the east of the island that there are barrier reefs, creating something likea basin between the beach shore and those reefs.
